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Monitoring intracellular concentrations of 
small molecules
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L-lysine
























No true phenotype for
small molecules!
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Producer strain Producer strain Producer strain
Can we visualize small
molecules in a single cell?
Use of transcriptional regulators to monitor
small-molecules in single cells










General use of transcription factors for
small-molecule monitoring in single cells
„Fluorescent“
Molecule
Sensor Regulator Organism Laboratory
L-Lysine
pSenLys LysG (LTTR) C. glutamicum Eggeling, Jülich
L-Arginine pSenArg ArgP (LTTR) E. coli Eggeling, Jülich
O-Acetyl-
serine
pSenOAS CysR (LTTR) C. glutamicum Eggeling, Jülich
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L-Serine pSenSer ROK-type C. glutamicum Eggeling, Jülich
L-Methionine Lrp-Sensor Lrp-type C. glutamicum Frunzke, Jülich
E. coli pSenArg C. glutamicum Ser4 pSenSer
General use of transcription factors for
small-molecule monitoring in single cells
Natural transcriptional regulators sensing
Amino acids. Sugars. Sugar phosphates. Vitamins.  
Oxoacids. Ions. Antibiotics. Acyl-CoA derivatives
Developed transcriptional regulators sensing
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Mevalonate (AraC sensing Arabinose)
Peptides (TetR sensing Tetracycline)
A broad number of new Applications
in Single-Cell Analysis
New Applications in Single-cell analysis
Single cell growth and production performance
in Microfluidic Chips
Eggeling, Amino acids and Cell wall Folie 8
New Applications in Single-cell analysis
HT-screening of mutant libraries
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Correlation between intracellular
lysine concentration and fluorescence
Mixture of WT, 
DM1728, DM1919
Fluorescence Activated Cell Sorting (FACS) enables 
detection and isolation of fluorescent cells
HT-analysis of 70.000
cells per second
Eggeling, Amino acids and Cell wall Folie 10
Sorting of




























Isolation of metabolite producing bacteria
from libraries
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Mutant library
of WT pSenLys




Isolation of new L-lysine producers from
C. glutamicum WT









Isolation of new L-lysine producers and
targeted sequencing







- 11 known mutations
- 13 new mutations
- 16 with unknown targets
Isolation of new L-lysine producers and
genome sequencing, WGS
Description value
Number of sequenced reads 20,156,524
Avg. length of reads after trimming [bp] 48.1
Number of reads mapped to reference 17,877,215
Coverage (# mapped reads * avg. length/3301500) 260.5
SNPs in total 268
Sequence data of strain K051:Mutant library
of WT pSenLys





















Use of new mutation in known L-lysine producers
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sequencing
Vital in microbial small molecule 
production: Export
A B C
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D
Product
FACSAria II characterization, and
sorting specificity of defined mixtures
A
Gate
Viability Verified strain Sorting 
specificity Sorted 
in total Grown WT Interm High
B
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P3 288 84.7 (%) 3 6 90 90 (%)
P2 288 89.2 (%) 2 95 2 95 (%)
P1 432 89.4 (%) 98 1 0 98 (%)
FACS selection step works at single cell level
